Introduction
Children and adolescents with cancer suffer from multiple physical symptoms, as a result of the cancer itself and/or the cancer treatment, 1,2 of which pain has been reported as one of the most frequent and distressing ones. [3] [4] [5] [6] Pain naturally evokes anxiety,
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Thorsell cederberg et al of control has an inhibitory effect on pain. 18 In accordance with these findings, psychological interventions incorporating mindfulness and acceptance techniques have been shown to predict increased pain tolerance, decreased pain intensity and decreased discomfort of pain in experimentally induced pain. [19] [20] [21] [22] [23] [24] [25] [26] Mindfulness has been shown to have a mechanistically distinct pain-relief function compared to placebo and sham-mindfulness. 27 In mindfulness and acceptance interventions, a focused, attentive, nonreactive stance toward unpleasant stimuli is employed, where the aim is to simply observe ongoing internal experiences without further mental evaluation, in contrast to being busy analyzing or avoiding them. 28, 29 This position enables the possibility to choose one's actions instead of rigidly reacting to one's experiences, and at the same time, it attenuates the pain experience. Mindfulness and acceptance have also been shown to be beneficial for persons suffering from chronic pain, [30] [31] [32] and an acceptancebased treatment, Acceptance and Commitment Therapy, has been shown to improve physical as well as psychosocial functioning for both adults and children with chronic pain. [33] [34] [35] [36] In one study investigating acceptance in parents of children experiencing pain during cancer treatment, parents reported that they lacked psychosocial interventions, and that they felt that they were left alone with difficult feelings, during the treatment. 37 The importance of addressing the psychosocial needs of children with cancer, and their families, in order to reduce their suffering has been emphasized, 38 and work remains to be done to incorporate psychological treatments into standard cancer care. 39, 40 For instance, psychological interventions could potentially help children with cancer to cope with the pain associated with cancer treatment. This would have an effect on not only their pain experience but also their general well-being. The aim of this study was to preliminarily evaluate an acceptance-based intervention for children and adolescents with cancer experiencing acute pain in spite of pharmacological pain management. This evaluation included investigating preliminary outcomes as well as feasibility with regard to treatment acceptability and implementation. 41 
Methods

Participants and setting
Participants were recruited from the pediatric hematology and oncology ward and outpatient clinic at the Children's University Hospital, Uppsala, Sweden. Children between 4 and 18 years of age reporting sustained acute pain were eligible for the study. Insufficient knowledge of Swedish was an exclusion criterion. Participants were identified by the nurses and/or doctors on the ward or in the clinic and informed about the study by a research nurse. Written consent was obtained by the research nurse, from the child if 15 years of age or older and from a parent if under 15 years of age and the child had given its assent. Ten children were invited to participate, one of whom (a 16-year-old boy) declined and nine accepted. Two of the children who accepted to participate, a four-year-old girl and a six-year-old boy, did not want to participate in the measurements and could therefore not be included. For two 15-year-old girls, the intervention was not possible to perform during their pain episode due to other appointments, and they were consequently excluded. Hence, five participants were included in the study. This is a pilot study of a randomized controlled trial in which the intervention will be evaluated further. The study was approved by the Regional Ethical Review Board in Uppsala, Sweden (Dnr 2012/126). Informed written consent was collected for publication of case details.
Participant a
Participant A was a seven-year-old boy diagnosed with osteosarcoma in one leg a few months prior to the study. Due to the osteosarcoma, he had been suffering from pain in his knee from approximately one month prior to diagnosis. He had chemotherapy and suffered from mucositis, which is a common side effect of chemotherapy consisting of painful inflammation and ulcers in the mouth and/or gastrointestinal tract. 42 The primary pain was inflammatory/nociceptive.
Participant B
Participant B was a 12-year-old boy diagnosed with osteosarcoma in one leg ten months prior to the study. He was treated with chemotherapy for six months. He had been suffering from pain more or less continuously from approximately one month before diagnosis. The source of pain had until one month before the study been mainly tumor-related and postoperative from gastrostomy, appendectomy and tumor surgery applying a complex operative procedure with osteosynthesis material, which had to be expanded on a daily basis, to preserve adequate femoral length. He had a bone-connecting operation one month before the study which resulted in a complicated pain condition including postoperative/nociceptive pain in one leg and neuropathic pain in both legs and feet.
Participant c
Participant C was a 13-year-old girl with neurofibromatosis and a peripheral malignant nerve sheath tumor in the thorax. Due to the neurofibromatosis, she had had a long history of 
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acceptance-based intervention for cancer patients experiencing pain pain primarily in her right arm and shoulder but also in her abdomen and head. Two years prior to the study, her affliction was not considered sufficient to weigh up the risks of surgery, but as her pain increased and she lost sensation and function in her right arm, she had tumor surgery some months before the study. The tumor had malignified, and since parts of the tumor were not possible to remove, chemotherapy was started. Participation in the study was occasioned by postoperative/nociceptive pain resulting from a gastrostomy.
Participant D
Participant D was a 14-year-old girl with thrombocytopenia and a pain condition of unclear genesis. Thrombocytopenia is not an oncological but a hematological disease. She also had a suspected systemic disease and a suspected low-graded glioma. For a year and a half prior to the study, she had not been feeling well with symptoms such as dizziness, stiffness, pain and fatigue. The pain had worsened over the last year and further intensified during the week prior to the study. The pain was inflammatory/nociceptive with possible neuropathic components.
Participant e
Participant E was an 18-year-old boy diagnosed with osteosarcoma in one leg with lung metastases, 15 months prior to the study. He had a standard seven-month protocol of chemotherapy which due to delays was prolonged to nine months and followed by five weeks of radiotherapy. He had tumor surgery in his leg, but not in the lungs since all the metastases had disappeared by the time of surgery, eleven months before the study without further complications. After aggravating pain in his left thorax, he was diagnosed with pulmonary metastatic relapse and had surgery to remove the lung metastases. Participation in the study was occasioned by postoperative/nociceptive pain as a result of this surgery.
Pain management
All children received pharmacological management according to the routines at the unit -meaning treatment with opioids intravenously if there was acute, moderate or severe pain with a possibility to give boluses for break-through pain when required by the patient. In addition to this, all children received paracetamol orally regularly and clonidine intravenously to potentiate the opioids and possibly reduce side effects. The morphine treatment was given as continuous intravenous infusion, and none of the children had received any break-through medication the last hours prior to the psychological intervention. Children with a neuropathic pain component were, in addition, treated with gabapentin orally.
Outcome measures
Five baseline assessments were performed before the onset of intervention. The measurements included ratings of pain intensity and discomfort of pain. The visual analog scale (VAS) or the Faces Pain Scale-Revised (FPS-R) was used for both outcome variables. The VAS is recommended for children eight years of age and above, while the FPS-R is recommended for younger children (from four years of age). 43 The VAS is a pain scale consisting of a 100-mm long horizontal line with the anchors "No pain" on the left side and "Worst imaginable pain" on the right side. Respondents are asked to make a mark on the line representing their own level of pain intensity. The mark corresponds to a score, 0-10, which is shown on the reverse side of the scale. Its responsivity and validity have been supported. 44 The FPS-R was developed for children 45 and includes six faces representing different levels of pain intensity, from "No pain" to "Very much pain". Children are asked to select the facial expression that best represents their level of pain. From left to right, the faces are scored 0, 2, 4, 6, 8 and 10. Interrater agreement is high between children's and pediatric nurses' ratings, 46 and the FPS-R correlates well with other pain measurements. 47 Postmeasurements included one assessment for Participants A-D and two assessments for Participant E. Post-measurements were taken immediately after the end of the intervention.
Feasibility
Feasibility was investigated with regard to treatment acceptability and implementation. To assess treatment acceptability, the proportion of children accepting to participate in the study was calculated. Furthermore, the children's satisfaction with and intention to use the intervention in the future was assessed by questions about their experience of the intervention and whether they would consider using it again when they experienced pain. To assess implementation, the degree to which the children could complete the intervention was calculated. 41 Additionally, prior to intervention, the children were asked what they typically do to cope with pain. 
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Thorsell cederberg et al exercise, lasting approximately 15 minutes, aiming to help the children to cultivate a nonreactive perspective of painful stimuli. Specifically, the exercise contained instructions on how to practice attentive focus including awareness of their breathing, bodily sensations, thoughts and feelings. Further on, acceptance was instructed through directions to take note of the pain stimuli while simultaneously maintaining an attentive focus, first on their breathing and later also on the painful stimuli themselves. Finally, acceptance was further cultivated by instructions to attend more closely to the physical sensations of the pain stimuli while at the same time practicing a nonreactive stance toward them.
Design and data analysis
The study had an AB design with a nonconcurrent multiple baseline. 48 (In single-subject research, "A" refers to the baseline phase, and "B" to the intervention phase.) For one participant, the design was expanded to an ABAB design. Primarily, the data was analyzed through visual inspection. The two-standard-deviation-band (2-SD-band) method, which shows the interval of ±two standard deviations from the mean of the baseline measures, was also applied for data analysis. 49 
Results
Graphical representations of the ratings of pain intensity and discomfort of pain during baseline and after intervention are presented in Figures 1-5 . The 2-SD-band line is presented in each graph. Time points for the baseline measurements are described in each graph. The baselines varied between 25 minutes and 5 hours 10 minutes. Across the participants, there is a change in the pattern of ratings at post-intervention, regardless of length of baseline. For Participant A, there was no variation in the data across baseline measurements, and the standard deviation was therefore "0". Participant E reported no pain after the intervention. Shortly after the end of the intervention, he coughed and vomited, which, due to his very recent lung surgery, caused a quick recurrence of pain. He then expressed a wish to carry out the exercise again. Due to these circumstances, the design was expanded to ABAB for this participant. After the second intervention, he again reported no pain or discomfort.
Feasibility
One child declined participation in the study. Two children did not want to carry out the assessments. Seven out of ten children thus accepted to participate (two of whom were not able to participate due to practical reasons). Before the start of the intervention, all participants reported examples of avoidant coping strategies exclusively, such as watching TV, playing computer games and trying to think about something else. All the participants in the study completed the intervention. After the intervention, all the participants reported that it had helped them to cope with the pain in the moment. They further expressed that they intended to use the exercise again to cope with pain.
Discussion
The aim of this study was to preliminarily evaluate an acceptance-based intervention for children and adolescents with cancer experiencing acute pain in spite of pharmacological pain management. The results show that it is feasible to carry out such an intervention for children as young as seven years of age, that the children found the intervention acceptable and that it had helped them to cope with the pain.
Participants A and B reported no decrease in pain intensity but lower levels of discomfort in relation to the pain ratings. This means that for these two participants, their discomfort of pain was alleviated even though the pain intensity remained at the same level. This in line with research on chronic pain as well as studies on experimentally induced pain that show that psychosocial measures improve even when the level of pain is unchanged. 35, 21 For Participants C and D, there was a slight decrease both in reported pain intensity and discomfort of pain. For Participant C, the discomfort of pain rating was below the 2-SD-band interval indicating that this would not have been expected had the intervention not 
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acceptance-based intervention for cancer patients experiencing pain been introduced. For Participant D, both ratings were on the lower 2-SD-band line. This participant expressed that she had some difficulties with the exercise but that she, throughout the exercise, could gradually apply the instructions and that she thought that if the intervention had continued, its effect would have been amplified. This is of course a speculation given the data. For Participant E, both ratings decreased to post-intervention. Following the quick recurrence of pain for this participant due to coughing and vomiting, the intervention was repeated on his request, after which he reported no pain. Due to the particular circumstances in the case of Participant E, an extra post-measurement was implemented after the second post-intervention measurement. The ratings for both outcome variables for all three post-measurements are below the 2-SD-band interval. Previous research on experimentally induced pain showing that acceptance and mindfulness interventions predict both decreased pain intensity and discomfort of pain support these results. [19] [20] [21] [22] [23] [24] [25] [26] Participant E expressed astonishment over the effect of the intervention. The baselines in this study varied between 25 minutes to just 
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Thorsell cederberg et al over five hours, and a change in the response pattern is seen at post-intervention across the participants regardless of differing lengths of baselines. Three of the children who were invited to participate in the study declined. A male adolescent declined when he was informed of the study. It is difficult to say whether he did not want to participate in the study per se or in the intervention. Two young children, four and six years of age, accepted to participate but were then reluctant to perform the measurements and were excluded from the study. The children were nevertheless offered the intervention but declined. It is therefore reasonable to conclude that not all children are willing to take part in the intervention. Seven out of ten children accepted to participate in the study, and all of the five participants who started the intervention completed it. Note that all the children reported only avoidant coping strategies before onset of the intervention. Hence, they reported no previous experience of acceptance-based coping for pain and could still both complete and benefit from the intervention. Although possibly axiomatic, it should be mentioned that the intervention is not to be seen as a substitute for pharmacological treatment, but rather as a complement to the children's pain-coping repertoire. The effect of the intervention was most noticeable for Participant E, who was the oldest participant, 18 years of age. At the same time, the effect of the intervention was least evident for the youngest participant, Participant A, who was seven years of age. This is presumably not a coincidence, given that the participant needs to understand the instructions of the intervention and to apply them. This requires rather advanced cognitive abilities, impulse control and emotion regulation, all of which develop throughout childhood and adolescence and may obviously be more developed for an older adolescent than a young child. Nevertheless, the fact that Participant A could carry out the exercise and reported less discomfort by the end of the intervention shows that it may be helpful even for younger children. Another possible moderating factor may be level of pain intensity at baseline. Three of the participants, Participants A, B and D, reported high pain intensity at baseline. For two of them, pain intensity was unchanged, while discomfort of pain was reduced. At the same time, Participants C and E reported lower pain intensity at baseline and reduced pain intensity at post-measurement. This may suggest that the intervention would be most beneficial for persons with lower baseline pain. On the other hand, pain intensity was reduced as well as discomfort of pain for Participant D. In accordance with her speculation of a more pronounced effect had the intervention been prolonged, it may also be that persons reporting higher baseline pain intensity need longer interventions with more time to practice. This is an empirical question yet to be unfolded.
study limitations
The study had an AB design with a nonconcurrent multiple baseline. An ABAB design would have been preferable, if applicable, to improve internal validity. Given the nature of the intervention, a reversal of the effect was, however, not considered probable after withdrawal of the intervention, and the ABAB design is not appropriate for evaluating interventions that are difficult to reverse, 50 such as in behavioral, as opposed to medical, interventions. For Participant E, a reversal of the effect was, nevertheless, evident shortly after the withdrawal of the intervention due to him coughing and vomiting after very recently having had lung surgery. For this participant, the design was therefore extended to an ABAB design. For the remaining participants, this was not considered to be reasonable. A nonconcurrent multiple-baseline design where an effect of an intervention is seen regardless of the length of the baseline also improves the internal validity of a study. Further, more than one post-intervention measurement is normally desirable in single-subject studies. In view of the fact that a hospitalized pediatric oncology patient has numerous medical and other appointments over the course of one day, it would have been difficult to measure a possible prolonged effect of the intervention reliably since the data would potentially be affected by many confounding variables. For a pediatric oncology patient, a normal day in the hospital includes assessments, tests, check-ups and treatment appointments by/with assistant nurses, nurses, doctors, physiotherapists, dietitians, welfare officers, psychologists, hospital school teachers and so forth. Apart from all care-related appointments, they need time to attend to their personal hygiene, meals and social meetings. Further, post-intervention measurements were therefore not included since they were considered to be at risk of being afflicted with excessive noise in the data. A controlled trial would be more appropriate to investigate prolonged effects of the intervention. The analytical approach in the study was mainly visual inspection of the data, which is the foundation of analysis in single-subject research. 49 The 2-SD-band method was also applied. This method was not ideal for the study as it assumes that data is normally distributed and that there are several post-intervention data points. Bearing this in mind, the method still provides an indication of the interval that the post-data point would likely fall within had the intervention not been introduced. Other methods to accompany the visual analysis in single-subject research are, for example, the celeration line, the C-statistic, 49 the percentage of nonoverlapping data 51 and the nonoverlap of all pairs method. 52 These were not applicable on account of too few data points.
generalizability Both sexes and children from the age of seven to 18 years were represented in the study, and the participants reported different kinds of pain, including postoperative and inflammatory nociceptive as well as neuropathic pain. Furthermore, emotional and cognitive factors have been shown to neurologically both facilitate and inhibit pain impulses. Mindfulness and acceptance-based interventions have been shown to attenuate the pain experience, by influencing these emotional and cognitive processes. The intervention of the study is hence trans-diagnostic and theoretically applicable to any type of pain. This supports the generalizability of the results of the study. However, given that the study is a pilot study of five participants with a single-subject research design, the results can still not be considered generalizable, which would require, if not a randomized controlled then at least, a controlled trial.
conclusion
In summary, this is a single subject-study investigating feasibility and preliminary effect on pain intensity and discomfort of pain of an acceptance-based intervention for children and adolescents experiencing acute pain during cancer treatment in spite of pharmacological pain management. The results are highly tentative but promising and warrant further investigation.
